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ABSTRACT

A pumbev of m»asuremenﬁs of the rei‘lection cc~e£fic:Lex1% hnve been reporuc-d
for a particular wave leéngth and & particulsy 88t of constiQns \.,_Gomparap
tdwsly Zittle dabn are available on the s reflettion charactéiistics of milli-

" meter radio waves or of Jc.he *'ariatmn of the reflection coefa_ic:x.en'b with w_we '

lungth _ B -
This paper describes reflection studies made at wave a.angchs of. 2, 5 9.0
3,2 and 0,86 centimeters on & rela :ﬂraly _smooth field a.t the Off Campae Re<.
search Center of The University of Texas, It is plannad that these Same mea—
surements be made in the near future over a smooth water surface, - -

For the particular pu‘fh vaed the ground apuear'ed smooth at 26,5 and 9 @

cent: im.aterq, but evidsnced oonsidercy.b = :oughness a.t 3.2 cmtime e;?_s and ap-

peared very rough at €.6 millimeters:

‘has recently tndertaken studies of ‘the prenagation of milluneber radic wavss
fnr the 0ffide of Naval Research, 4s the first part of the. ‘medsirement pro-
-gram: undér this contrac'o nhe reflection characterlsta.cs of. va,r ous snﬂf:ac,es
are be:ng stud:;.edF —_—_ e S SIS

'I’h'is reporn descmbes measure'nents made over a .x.\OBO foot path ad;;acent
to the lsborabvory building. It is planned to use these same techalques for

& path of sim:LIar length over a.rx :mlanf‘ lake and for am overwaber pat'h along

the (‘.,Llf Goast

Al’chough t,he p"imary objec‘o of these measurements is to detefmne t.ne

ref.n.ection charactéristic of millimeter radio Wave, the measurements at lower

frequencies provided an opportunity to study variations of the r~,.lection uoefz i

flcg.ent with. freqqency. _ _ ; : SRR

1, For Exeuuule. Seec Kerr, Day "P“bnagatlon of Short Ra,_d*e_ﬁ\};i” Sy Volume 1’2-
Messachusetts Institute of Technology Radiatien Labcratcr" Seriss, IicGraw-ﬁill,

AP LS Y 4208 \3.:. vuuzso A =8 p’.sbtsti

The EIsctrica.L Ehgmee:fif‘s Research Iaboratory o:f xﬁe Umversj:ty o—f ’Ee“;;as”
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* TI. FACIORS AFPICTING THE STRINGIH OF RIFLITTD. STGNALS -

lever, by repeating the: tests over. otber paths,,

. grotnd /shom in‘ mgure l;.-

- - - e DA VIS —— I
- 0 e e P - = o Sooo —= &y .

- -~ The folléwing interdepmd,ent f:a.ctg‘r‘s are signl;f‘ica.nt in determining the , '
's-.’f}'s_'t‘je_';';g{;_h nf radlo sigr‘e:ls“ei‘lected i‘xom the greu.nd- o -

. __'?.'«.f-'-}_ =y

Hr ;@IHOD oF T~IE!§“‘URM1..NT R

B a e LT e A

-’

gy "The &ng.!.e—of—a.ncideme on the ground

b, The fr‘equency

. c@ The; polaﬂ sation

L _The gro-"zd renghness and J_e“l'

The f:&:x'st .tlu:ee of thasé- factor's are %a.ken &8 vam.ablec J.n the measures-
ment descr:bed in this repor’c

/X

The ground rou:ghness was. not a varmables« as only a single path waq used
for the tests of this report, Thé roughness of the path will be varied, how-

C It is obv:.ous that an antea’mg. cou...d be used Wwibh a ‘fa;dlation pattem narrcaw
enough to m&tarialq reducs the il ux_t)matlon o the reflecting plane. This . .
would maan, 6% gourge, that a c.orrect.:.on would have to be applied to the ap= -
parent reflection coefficient ir order Lo get a number which Gould be .called-
the reflection coefficisat of the path, Such a correction would be difficult
to make without firsh making & numbzr of simplifying assumptions, ~ To avoid
‘this difficulty, the antennas used in making these measurements were chosen
such. that apprmmately even illumination xgs ob’ca*.ned over a nmnbnr of Eremel
acmes ox w.c .;ulcut*.‘.ng suze"{scé; ST “‘““f‘.‘t‘f’j““_. -

The path length &t 1,000 fee mas chéseq &0 that grazing angles up to
- 59 .could-beobtained with the ~b:wex-e» ava:"able afid so tha% "the ei‘i‘ect of wave
Cu!'V&‘hure waula -‘be s:mafllw g B N

- S - _ . . ~ S

xhe method used for ob'oalnmz the reflection coaf "'1c1ent was ’c.hat. of mea- :
-suring neight-g(am curves 4as both the \,ra.nsmitben and receiver were raised = = .
~simultanesusly to heights of 50 feet, The sinultanesus and synchienqus. move=

ménta of “the transmuner and. réceéiver were thosen in efdei' “to keep -Fhe: center

oi‘ “éflect:,an a.u hﬁ same p@;mt. . . ) ' e
From these dava, cur*;es were dx:a'«m tm owh the maxma and minlma. of the

intérfarence patterns, The réflection eoef'fluert at a given height was taken

as the quotient of the difference and the sum of the maxims and minims curves
that height, The transmitter and receiver were kept at the sams level on.

’t.he height runs by means of a bridge Mrm-i_ in which the resistances were .

contirolled by the elevator heights, A pletu e of the transmission path with

" the transmittmg Lowér in the foregrcu«a ¢ the receiving tower in the backe

e
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"‘he general }T‘oﬂilc of the path is showa in F;),gure 2,( 8.) and a, 1BEe de-

tailed profile of the center 10 feat is shown in Figure 20o), It is noticed

‘bha.t the path could be repréeséntad appraximately throug”lo«m most of ita length

by & singlé plane with ths *niersection of the plane and towers being taken

- &8 géro height, Theé anfentiag were pointed paralle}. to this pjane and the
angles-o,.nimid.ence were- cemputed relative to 11:. - -

 The generaT m'nwf‘ neverags is g;‘-* ix p:l.gure 3., Some shov:'t dead, gra.ss
talks were staﬁding and a sparse ma ng of grass ata,lks was. on the ground

’l‘he a oemas used dn- +ha measwnmenta were a.s followss: - -

Wave Length: e -.'{mgliai‘:B'gtWQQn';__.- S S
oM Pola.rizat:.on ~ Balfpower Points _ Ant. g :

2.5 Horiéonuﬁ T T ma® e Parabolic Rpflcctgr i

26,5 Vertical - 2, T jon Parabalis _nafa,:ec.tgr,
9,0 Horizantal ©13.8° 1?'" Pa.ra.bolic Reflector

9,0 Vertioal s e ’i’nra.belic Reflector

3,42, . Hordzéntal. =~ . .. 15,8

*';8{9' U ertimal 2000 L A" Gireulr Hem_. S

’l‘he radnfation pat.ter*zs for these antéinias.are shown in Eigure L;. A pictune

of the antennas iz shown :m Figuxe 5; Iclentical antennas were used ab the two
~ends for gach maa,sux'emenb SR Lo T L B e e

A number- of other a.ntannas with narrower beams Were adse tested, but, tans
tests contributed 111;1;13 a.ddi‘tional ixmormamon ‘ho ‘bha‘h i‘cund with thu anﬁermas

l:l.st«ea above, _ . o 7 SRR e S

VIOORIGIMGGDATAL . . o LT :

y was experisn,ed in
8 squara law dectc_w used

j.,__. i - - - A

H, S
0 2
i on of mimiium sfgnal dus to th

obta:.m:ng, the cau.nr

e et e -

T A
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'on -1'0 cm, ’“hls di; "“iculty was c:chun'vented howe\rer . by !‘alculatmg & dn'es,t
ve signal from theé higher angle values und assumifig that this va.lue Was. *he .
’ *samé av the Iow a.ngle values, T R S

o 5 . - 50 & 550 ERag

The envélope of maxima and minima became somewha iwrefmlar for the ;,.,2
centinetier measurements and was very irregular for the 8 6 m:.ll:lmeter meéasure-
ments, The reflection coefficient was calculated from the envelope in esach
case, giving the irregular curvés shown in Figure 7. A Smooth curve was drawn
through eszh of these curves dnd was useri for the- comngzlsons of +he neact set=
tien,

i
‘.,»

g
i

VII. GOMPARISON OF REFLZCIION COIFFICLING CURVES N P

TR e e

rire TR

1)
4
ORI

A set of refle ta.on ccefflr‘:.en*' curvps, using the a.ntennas desum‘oed i,
_paragraph 7 and radz,atmg a horizontally polapized s:agno.l arg shown in Figure
'8, & -set for the same antennas with vertical polarization are shown in Figire
9. The reflsction cogfficient curve for 4n infinite smooth plane w:x’ch adie

lectric constant of 4 is shown in each case for comparlqon, This cuPve is
Annmamr.ately the safme for all “’requengle used; '

it tants

¥
1, 3%,

From these eurves - it is evidenu that the reflection coefflclent decreases )
)3 bly as the frequency is increased, becoming very small for N = 8.6,
millﬁmnter The three lowest _f:reqt.eﬁcyc curves appamnuly ,,pprcacﬁ unity ag

the nazmg a.ngle approachas zm:o,~ It is difficult to extrapolate the pe= ' - )
flection coeffisient qurves fof the 8,6 mili

t
.-
P 5
- Toak
s ' .
. ' Al ‘}; .
. ! i
; - ot s
T e A R YRS AT

niliineter waves to zerd grazing angle . ]
43 the reflaction Cosfficient is c}zang.{‘ g raps,dly in Hn & ragi_f-*ﬁ ) o T

L

o)
N

T‘ze ref.&:ectn.on cge.f.‘f;vlmt f‘gv ver’ca.cal, polar:.zation J.S in genera._ less

than that for horizontal pclarlzatlon» v . _ S \ _' T
VIIE. - conemusToNs - o SR 3

B

L N POV R S e 2 8 Bn o e e e
& e e B

‘ '(a:aj)'.l, The reflectn.on ceeff:.cn.ent for 8 6 mll:_meters fqr the fleld i* st
did not eXceed 0.4 and dropped to less ‘hha.n O\.l a.t o.ugles of gravlng abtave-
\ 2, 5 degree ‘

(b)«, Phe: reflact:!.on coef,fic:Lent :m\.reased with wave length and approached

he theoretical curve at 2 wave length of 26,5 am. R o -

(C)a The snvelopes of maXima and minlma of the »he:.gnu-gam CUrvés and N %A
“the resulting reflﬂctlon coazuc.tent curves were very reg;ular for 26»,5 and 9,0 , }
" it wave lehgths, but became soméwhat ir"emlar at 3.2 om and were Very irfegi=. -
rar at 8.6 ma;ll:!,me“oer-é, Trhus it 'n:.uld appear, for the path nsed. that the
surfare was smookh at 26,5 ¢m and rough at 8 b m_.i.bi*é‘oé"@. )




LT
PR

S T—— ggﬁﬁﬁhﬂiﬁﬁn!xﬁ;ﬁ‘“ﬂl%lﬂgﬁnj

I

R S T IS ﬁs Ml . TR L

,T

. ' u_ N . ;
X B sl L
L 10 Ruogsuo9 | SkpoRE -
30, _aw., ko ) 00148489y _._h.m_..._\ ) : P X i . . ;
i =) il iy mm i i ' )
o A. RN - e 2
. N . e 4 ¢
: . i . i
‘,/ S i 1 :, ’ - . ' . B 4
. ) N ) o i ) .
. ool - . t ! . |
i 1 ke ' 4 A - y |
, . : , , . ; { . - “ s _
N ; . oot e ,w i ot \
N ‘ ﬁ o ) ; A X N € , . K , %
I . "y I
i 3 ' o s
Yo ¥




- G,.\l
N .5‘4}\-

Qa8 e Foale God o T o8 e WD
o beery Lt o s

‘

azi, :&_.ﬂ R )

LK e A

T

m?ﬁomo - o_mcd mENoL

oag §2. ‘ ﬁ.‘,,o..w.,m,‘_

A3,

l N 7",, ~
Fo R

TP

e,

3| P
” i i:. m.®,
. ' . 4
Ji
L
; | 480

‘0 JUDYSU0] _u._AmE_Qm_.,ﬁ_“,w,_ a
i04 BAIND DO[S IO Y

‘ ¢ - ,
. . v ; . . . ,.
w - .
. .
. .
. , . . o . '
; L
. . . ) i . . )
* : ' | . R ) . A .
, " ' R O A
! 1
| A
' I I m &
) N ' t i
) | . t i )
| ' i
M, N N L) 1
X ' . .
N ! . l
h | v A N ol N C ,
v . | , i . oy
. \ . | ] . gy N '
/ i < i v “
'r i 5 . , _ i o N ! o
« N i : ) R | ' ~
- ' N i
' o . ! ) i
) B N A 2
. i ! Sy
I ) . !




e e i LR 87

e At AN DL et

ety

PR

iyt i 4 . ) Lo e A«_ ,

o ~ e E, i.ﬂ\cdlli\\u’

.. . i = - = /, z .,.. ekt £ o S ..m ., ,. ) b5 R T .tr.lk ._._
B " ,Wu _\.: . o , i , '
. = ) . 1 4 !
¥ wedtl /A{ﬂy - PP , . .. i _
weet _a%% [ Mo .o/ cﬂ 42 W.J_... 3 ety ¢ oo > ' o R P . i ! b
g E i, o i3 e OEAY Ly " - o i
B i SRR R A Al U e g .

St TR Tt e Mk
i

L 20

&
©
i1

B mo

;..........I . | " s ' 2 <y ' | J_. 7 .v -.,Q

;
144900 V01303 9Y

U949

b 30 suoyeuod oiugosjeig

¥ I
i
i b

t

4

104 AINY [DIY3RI08Y ) ~/ . :

v

f
",
5 o
f v
= K :
< v )
r
N ¢
R o i ! Ch o
N : ‘ /
‘ o |
5
X '
NN i
“
. 5
0o
. ) . Y
. : B T
} \ &
2




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017

